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SUMMARY

Mixturesofpureliquidhydrocarbonsarecapableoffosming.Nine
hydrocarbonsweremixedinpairs,inallpossiblecombinations,and.
fourproportionsofeachcombination.T!Qesemixturesweresealedin
glasstubes,andthefoamingwastestedbyshaking.Mixtwesof.

.—

aliphaticwithotheraliphatichydrocarbons,orofal@lbenzenes
withotheralkylbenzenes,didnotfoam.Mixturesofali.phatic
hydrocarbonswithal.kylbenzenesdidfosm.’Theproportionsofthe
mixturesgreatlyaffectedthefoaming,themaxhnumfoamingof12
of20pairsbeingatthecomposition20percenta.liphaticbytiocarbon,
80percentalkylbenzene.Sixsecondswasthemaximumfoamlifetime
ofanyofthesemixtures.

Aeroshell120lubricatingoilwasfractionatedinto52fractions
anda residuebyextractionwithacetoneina fractionatingextractor.
Theindexofrefraction,foamlifetime,color,sndviscosityofthese
fractionsweremeasured.Lowviscosityandhighindexfractionswere
extractedfirst.Theviscosityofthefractionsextractedrosesad
theindexdecreasedasfractionationproceeded.Foamlifethnesand
colorwerelowestinthemiddlefractions.Significanceisattached
totheobservationthatnoneofthefoamlifetimesofthefractions
orresidueisashighasthefoamlifetimeoftheoriginalAeroshell,
indicatingthatthefoamingisnotduetoa particularfoaming
constituent,butrathertotheentiremix%e.

INTRODTETION

A foamcsabeformedonaeronauticallubricatingoilsbybubbling
inair,byshakingandheating,andbyothermechanicalprocesses.Such

1

a foamhasa lifetimevaryingfromabout~houratroomtemperatureto

about3 minutesat100°C. Thefosmingbehavioroflubricatingoils .
isinmarkedcontrasttothebehaviorofpureliquids,suchasglycerol,
diethylenegl.ycol,ordibutylphthalate,whichwillnotforma column
offoamunderanyconditions,eventhoughofco.m’psrableviscosity.This
isinaccordancewiththesxiomthat“pureliquidsdonotfosm”(refer-
enceI,p.8).

—
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Byanalogywiththefoamstabilizationofaqueoussolutionsby
soapsandothersurface-activematerials,ithasfrequentlybeen
assumedthatfosmsoflubricatingoilsares.tiilarl.ystabilizedby
soaplike,orothersmface-activematerials(asdiqcussedinthe
theoryoffoaming,reference1). Itisknownfromexperiencein
thislaboratorythatcertainadditivesintheoilmaygreatlyincrease
thefoamstabilityandfoamvolume,andfurthermorethatthese-
additivesconcentrateinthefoamandmaybepartiallysegregatedby
frothingoff(p.106,reference1).

However,attemptsmadeto,frothoffa surface-activeagentfrom
anundopedoilhavebeenunsuccessful(p.106,reference1). The
questionhasthereforebeenraisedastowhetherthehydrocarbon
componentsoftheoilcouldnotbesolelyresponsibleforitsfoam-
formingcharacteristics.Insupportofthiscontention,the
experimentsofFoulkandBarkeley(reference2)shouldbecited
onthefilm-formingtendenciesofmixturesofwaterwithbenzene,
nitrobenzenejether,acetone,andmethanol,ascontrastedtothe
lackof’film-fomingtendencyofthecarefullypurifiedliquids. ,

Totestfurtherthepostulatethatmixturesofpurehydrocarbons
mayfoam,twoseriesofexperimentswereperfomned.Inthefirst, ●

hydrocarbonsofthebestpurityobtainableweremixedtogetherand
thefoamingwastested.Inthesecond,anundopedlubricatingoil,
Aeroshell120,wasfractionatedbyacetoneextraction,underconditions

k

notconducivetochemicalchanges,andtherespectivefractionswere
testedforfoaming.Itwouldbesupp~sedthatifsomeparticular
componentswereresponsibleforthefosmingofAeroshell120,they
wouldbeconcentratedincertainofthefractions,whichshouldfoam
excessively.Ontheotherhand,ifthefosmingwerea proper@only
ofthemixlmre,eachofthefractionsshouldfoamlessthanthe
originaloil.

ThisworkwasconductedatStanfordUniversityunderthesponsor-
shipandwiththefinancialassistanceoftheNationalAdvisory
ConmitteeforAeronautics.

AFPARATUSFORACETONEEXTRACTION

Theacetoneextractorwasadaptedfromthedesigno~llair
andSchicktanz(reference3). Thedifferencesintheadaptation
andtheoriginal..designareprinciya~intherelativesizesof..
certainparts(seefig.1). Thecapacityofthelowerreservoir,
holdingtheoilsample,is~0 milliliters,andtheacetonecapacity
abovetheoilisapproximate.y800milliliters.me fractionating
columuisonly26incheshighwhereastheoriginalmodelhada column
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fourstorieshigh.Also,insteadofusinga straighttubeforthe
column,a tubewitheightbulbs,asina bulbcondenser,isused.A
smallheaterisusedatthebottomoftheconvectionstirringtube,
tomakestirringmorepositiveandrapid.Theentireapparatisis o
madeofI&rexglass.

PROCEDUREFORACETWEEXTRACTION

FivehundredgramsofAeroshell120waspouredintotheoil
reservoir,throughthecondensersideoftheapparatus.Acetonewas
putinuntilthelevelstoodabouthalfwsyupthedistillingbulb.
Theelectricheaterwasturnedon,andacetonedistilledfromthe
distillingbulb,condensed,randownthereturnermoftheapp=atus,
andbubbledupthroughtheoil.Airwasbubbledslowlythroughthe
acetonefrm a capillaryinthedistillingbulbtopreventbumping.
Theextractionwascarriedonuntiltheacetoneinthedistillingbulb
becameturbid.Atfirstthistookabout4 hours,butfinallytookabout
36hours,astheacetonesolubili~oftheresiduedecreased.When
theacetoneinthedistillingbulbbecameturbid,theelectricheater
wasturnedlow,andtheoildropletswereallowedtosettlefromthe
warmacetoneforseveralminutes.Theupperlayerofacetonewas
thendrawnoff. Thefirstsampledrawncontained500millilitersof
acetone,butthiswasdecreasedto300milliliters forsubsequent
samples.Theextractorwasrun24hoursperdayfora periodofabout
10weeks.

Theoilwasfreedoftheacetonebydistillingoffandrecovering
mostoftheacetone,thenplacingtheoilina smallflaskimmersedin
aboiling-waterbath,witha veryslowstreemof@ airblowingover
theoilsurface.Theoilpuritywasfollowedbymeansofitsindex
ofrefraction.Allofthesampleswerefinishedbyevaporation
at10QOC andabout30mill~tersofpressure,toconstantindexof
refraction.

SOURCESANDPURITYOFMATERIALS

Theconclusivenessofthefirstseriesofexperimentstobe
describeddepe@suponthepurityofthehydrocarbonsused.Since
fractionationofhydrocarbonsisverydifficult,andbetterdone
incommercialunitsthanintheordinazylaboratory,thessx@es
wereusedasreceivedframthesources.Allofthehydrocarbons
usedwereclear,colorless, andoflowviscosi~.
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A verysimplecriterionforpuritywasused.Thessmplewas
testedforfoamingby shaking.Thosethatformeda fosmofappreci-
ablelifethnewerenot-used.Thehydrcmxcbonsusedwerethefollowing:

HydrocarbonI Sourceandgrade

Aromatic

Benzene Merck’s“Reagentnthiophenefree

Toluene Baker’sCPAnalyzedlotno.12044

Xylene Merck’s~Reagent”grade

Cumene SkellyPetroleumCompany

Butylbenzene EastmanKodakCompany

Aliphatic

Isopentane PhillipsPetroleumCompa~,“puregrade
99percentti~”

Octene Connecticut-HardRubberCompany.

Octane ConnecticutHardRubberCompany

Decane ConnecticutHardRubberCompany

TESTPRCCEDURE

Thefoam-testingmethodusedwassimplytoshakethehydrocarbon
mixturecontainedina sealedglasstube,atroomtemperature,amdto
timetheintervalfromcessationofshakinguntilallbuttwobubbles
haddisappeared.Thelasttwobubbleswereerraticintheirbehavior,
andmuchbetterreproducibili~wasobtainedbynotcountingthem.

Topreparethesealedtubes,15-by1.8-centimetertesttzibes
weredrawnouttoforma narrowneck,thehytiocarbon-swereinjected
throughtheconstrictionfroma syringepipette,andtheneckwas
sealedoff. Thehyc?rocarbonpairs”weremixedintheproportions
of1:4,2:3,3:2,and4:1,bymeasuringeachhydrocarbonout-from
thesyringepipette,thetotalvolumeofthemixturebeing10cubic
centimeters.Theliquiddidnottouchtheconstriction,sonoburni~
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took@acewhenthetubesweresealed.
induplicate,especialJ.yifthefosming

5
!

hknyof the tubeswereprepared
waslarge,toelimlnatethe

possibili~ofaccidentalcontamination.

Indeterminingthefoamlifetimes,a standardizedtechnique
wasusedforshakingthetaibesbyhand.Thereisapersonalfactor
here,butthereproducibilityforoneoperatorWaSgood. one,
technicianconsistentlyobtainedfoamlifetimesabout30percent
greaterthanthqsereportedhere.Thereportedfiguresweredl

.-

obtainedbyonetechnicianandaretheaveragesof10ormore
determinationsineachcase.

Becauseoftheverysmallvolumeofsomeofthefractions
obtainedbyacetoneextractionofAeroshell.120,theprocedureused
t-otestthe”fosmingofthemixtures.ofhydrocarbonshadtobemodified.
ThefractionsfrcnnAeroshellweresealedinveryshorttubes,OX
1.8-cent~terdismeter,eachtubecontaining2 millilitersof
oil,measuredintothetubewitha syringepipetteinthessme
mannerasforthehydrocarbonmixtuzes.Becauseofthehighviscosi~
oftheoilfractions,nofosmcouldbe shakenatroomtemperature.
Thetubeswerethereforeinmersedinaboiling-waterbath,until
theyacquiredthetemperatureofthebath.T&ywerethenrenmved
andshskenquicklybyhandina stazuiardmanner,andagainreplaced
intheboiling-waterbathwhiletheescapeoftheairwastimed.
Thefosmformedconsistedofthreetofivel~ersoftinyairbubbles.
Thefosmlifetimeofeachfractionyasmeasuredatleastthreet3mes.

TheindicesofrefractionweremeaswedwithanAbberefractometer,
at20.0°C.

Theviscosi~ wasmeasuredinanOstwald-typecapillsryviscosilneter,
at25.000c. Theviscoshneterwasespeciallyconstructedtorequire
only2millilitersofoil. Itwascalibratedsgainsta NationalBureau
ofStandardsviscosityreferenceoilofa viscosityof10.06stokes
at25.00°C;2 milliliters’ofthisoilhadaneffluxttmeof142.5seconds.

Thecolorintensi~wasmeasuredina “Lumetron”photoelectric
colori,meter.Oneofthefractions(fraction23), paleanherincolor,
wasselectedarbitrarilyasa referencestsdard,sndthecolortmeter
wasadjustedtoread100-percent”transmissionforthissample.The
calorimeterisextremelysensitive,andwasusedwithnofilterofamy
kind.Thessmpleswhichgavebelow5-percenttransmissionappeared
verydark.Thecolorintensi&wascomputedasequalto100minusthe
Percenttr-ssion. very careful observationsofdifferentthick-
nessesofsamplesofthevariousfractionsleadtotheconclusionthat

4 allwerevisualllyindistinguishableincolor,andthattheobvious
differenceswereinthecolorintensityonly.

b
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Allpossibleconibinations
tested.Itwasfoundthatthe
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KESULTS

oftheninehydrocarbonsinpairswere
greatestfoamingoccurredwhenthe

hydrocarbonscontainingthebenzeneringweremixedwiththe‘hliphatic -
hydrocarbons.ThefosnlngresultsaretabulatedintablesI ‘toIV.

Cumenehadthelongestfosmlife’ofanyofthepurehydrocarbons,
thefosmlasting1.0second.Xylenewasnextwitha fosmlifeof
0.8second.Threepurehydrocarbonsgavefosmlivesof0.6second;
one,0.5second;one,O.4 second;andtwo,0.3second.Itseems
significantthatnoneofthemixturesof-aliphatichydrocarbons
(tableII)northemixturesofal.@lbenzenes(tableIII)hadfosm
lifetimesinexcessof1.1seconds.Thefoamlifetimesofmixtures
ofaliphatichydrocarbonsandmixturesofalkylbenzeneswereonly
slightlygreaterthanthefoamlifethnesoftheyurehydrocarbons.
Bycontrast,51ofthe100mixturesofaliphatichydrocarbonswith
alkylbenzeneshadfom lifetimesinexcessof-1.Osecond,and20of
themixtureshadfoamlifethesof2.0secondsorgreater.

The
affected
werethe
inJ2of

The

proportionsinwhichthehydrocarbonsweremixedgreatly
theirfoaming.Themixturesshowingthegreatestfosming
alkylbenzenescontaining20percent.aliphatichydrocarbons
the20pairsofallqylbenzeneswithaliphatichydrocarbons.

resultsotthefractionationofAeroshell)20areshownin
figure2,inwhich..thevaluesgivenintableV areplotted.Foam
lifetime,indexofrefraction,colorintensi~,andviscosityare
shown.Viscositiesweremeasuredfor11of thefractions.Noattempt
wasmadeinfigure2 toindicatethesizesofthefractions.Yhe
weightofeachfractionislistedintableV.

Figure2 showsa highindexofrefractingforthefirstfractions,
whichdropssharplyatfractions7,8,and9,andthendeclines
gradual&tofraction52. ‘I!hefoamlifetimesdropsharplyfromthat
oftheoriginalAeroshell.,andgraduallyriseagaintotheresidue.
ThereareseveralfractionsthatI&e highfoamlifetimescompared
withthegeneralleveloffoamingoflthefractions,butnonethathas
ashigha foamlifetimeastheoriginalAeroshell.Thecolorintensity
showsthegreatestfluctuation,thegeneraltendencybeingthatthe
ligh&stfractionsaretlieintermediateones.

DISCUSSION

Thequestionofwhethermixturesofpurehydrocarbonscanfoam
hasboththeoreticalandpracticalsig~ificanc>.Iffoamingwere

.—
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causedsolely%ypolar-nonpolarstabilizingagentsinthelubricating
oil,they-couldpossiblyberenmvedby someprocess.If,however,the
foamingisa propertyofthemixtureofhydrocarbons,anoilof
petroleumsourcecanhardlybemadenonfoamingbyrefining.Only
antifosmingadditivescanchemicallydefoamtheoilinthiscase.

Theprincipalquestionthereforeiswhethertheexperhental.
workdescribed,inwhichmixturesofhydrocarbonsare“shown%0foam,
isdefinitive.Thisinturnhingesonwhetherthehydrocarbonsmay
beregardedasdevoidofa “foamingagent.”Mostofthehydrocarbons
usedcannotberegardedaaa singlechemlcslspecies,themeasurable
foamlifetimesofmostofthembeinga prioriproofofthis.lWrther-
more, mixtures of pairsofsimilarhydrocarbons(i.e.,aliphaticwith
al.iphatic,andalkylbenzeneswithalkylbenzenes)foamatmostonly
sl@htlymorethantheseparatesamples.

Allcurrentfoamtheoriesrequirethatthecompositionofthe
liq@dfilms~facebedifferentfromthecompositionofthebulk
liquid,andthatsomestznzcturebepresentatthefilmsurfaceto
del~theflowofliquidfromthefilmortopreventtheinstantaneous
ruptureofthefilms,orboth.Supposethatseveralofthehydrocarbons
usedintheseexperimentscontainedtracesofsoaplikeorresinous
substanceswhichmightstabilizefoams.Tofittheexperimentalresults,
thesesubstancesmustnotadsorbonthesurfaceofunmixedhydrocarbons,
oronthesurfaceofmlxhresoflikehydrocarbons,butmustadsorbon
thesurfaceofmixturesofunlikehydrocarbons.However,themechanism
ofthelatterprocessmaybevisualized,byanalogywithsolutionsfrom
whicha solute maybeprecipitatedbyaddinga solventoflesser
dissolvingpower.Itishardertoexplainthefailuretoadsorbof
thehypotheticalsoaplikeorresinousfiterialatthefilmsurfacesof
theunmixedhydrocarbon,

A “fosmlifetime”of0.3second,asinthecasesofpuretoluene
andofpureoctanerepresentsa minimalfoamingtendency;usingthe
describedmethodofmeasurement,thefoamingofpurewaterisasgreat.
Themixturethatteamedthemost,ofthesetwohydrocarbons,however,
hasa foamlifetimeof1,9 seconds.Thatthiseffectisnotillusory
maybe seenbyholdingthesixsealedtubesinonehand,withptire
tolueneatoneendandpureoctaneattheother,andthemixtures,
instepsof20percent,inbetween.Thetubesarethenshaken
simultaneousIy. Thealmosttiedil.atedisappearanceofbubblesin
tieendtubes,contrastedtothegraduatedttiesofdisappearance
ofbubblesintheintermediatetubes,ismoststriking,eventhough
themaximumtimeforbubbledisappearanceisonlyabout2 seconds.

Themostpersuasiveargumentagainsta fortuitouscontamination
ofthehydrocarbonsbynonbydrocarbonmibstancesresponsibleforthe
foamingbehaviorisintheregularityoftheconcentrationofthe
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mixturesofalkylbenzeneswithsliphatichydrocarbonsatwhichmaximum
fcmming.occurs.Themixturesof.octene~o~tane,anddecanewithbenzene,
toluene,xylene,cumene,andbutylbenzene(15combinations)showthe
maximumfoamingata compositionof20percentbyvolumeof-thealiphatic
hydrocarbonin11ofthe17cases.Threeofthefourexceptionsarewith
octene,anunsaturatedhydrocarbon.Suchregulari~,ifthefoamingis
ascribedtotheeffectofimpurity,requiresansmazinghomogeneityin
thepropertiesoftheimpuritiesfoundinthesehydrocarbonsotiwidely
varyingsource.

Itistheautbms’opinionthatthefoamingisa proper~ofthe
mixtureofhydrocarbons,andisnottheresultofimpurities.Itis
suggestedthatther%isanadsorptionofoneofthehydrocarbonsat
thesurface,andthatmoleculeswhichmaybeclose-packedatthesurface
favorfoaming.Mixturesofsimilarhydrocarbonswouldhavelittle
tendencyto“squeezeoutnanycomponent,allbeingessentiallyequivalent
intheircohesion.Mixturesofaliphaticanduomaticorcondensedring
molecules,however,wouldhavea tendencytoforceonespeciesof
moleculetothesurface,therebeinga differenceincohesion.An
unsuccessfulattemptwasmadetocorrelatefoamingwiththeinternal
pressuresofthehydrocarbons,calculatedfromtheirvanderWads’
constants,specificvolumes,andmolecularweights.Theimportanceof
thestericconfigurationofthemoleculesforsuchsurfacepackingis
apparent.Theproportionofthemixtureshowingthegreatestfosming
tendencywouldbethatatwhichtheadsorptionofthespeciescapable
oftheclosestpackingwasgreatest.

A fewobservationsweremadeinthecourseoftheseexperiments
whichsuggestedthatstronglyfoamingmixturesofhydrocarbonsmaybe
formulated.”Solutionsofnaphthalene(avoidedbecauseofthelackof
a simpletestforitspurity)inhydrocarbonssuchas toluenewill
fosm● ItissuspectedthatsoltitionsofnaphthaleneInhydrocarbons
suchas octadecane,containingtoluene,cumene,orbutylbenzeneto
increasethevolubilityof-thenaphthalene,mighthavepropertiesof
viscosityandfoamingsimilartolubricatingoils.Compoundssuchas
methylnaphthaleneswouldbeevenbetterthannaphthalene,ifavailable
sufficientlypure.Samplesofmethylnaphthaleneobtainedwere
strong~fosminginthemselves.

Becauseoftheconsiderablefluctuationsinmeasurementcausedby
thenecessityofusingsmallssmples,itnisdifficulttomakea
quantitativeestimateoftherestitsobtainedbytheacetoneextraction
ofAeroshell..Therecanbenodoubt,however,thatthereisnofoaming
agentevenapproximatelycomparableineffectivenesswiththatfound
incertainoilscontaininglubricatingadditives.Furthermore,the
failuretofoamexcessivelyofanyoftheoilfractionsobtainedis
believedtoindicatethatthereisnoco~onentintheoilspecifically
responsibleforthefoaming.
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Fractions1,2,21,and23haveaboutthesamefosmstabili~
asAeroshel.1,takingintoaccounttheir,lowerviscosities.Allofthe
otherfractionshaveabouthalfofthefosmstabilityofAeroshell.
Asidefromthelargefluctuationsofthefoamstabilityofalternate
fractions,thereisa gradualdownwardtrendtothefoamlifetime
overviscosity,terminatingwitha verylowvaluefortheresidue.

MairsmdSchicl&anz(reference3)foundthatthearomatic
constituentsoflubricatingoilarethemostsolubleinacetone.The
gradualslopeofthefoam-stabilitycurvewouldindicatethat,as
theconcentrationofaromatichydzzocarbonsdecreased,thefosmstability-
decreased.

Thechangeofcolorofthefractionssuggeststhatthedistribution
ofcolorisverysensitivetochsmgesincompositionoftheoil. The
colortendedtoacctiateintheresidue,indicatingpreferential
volubilityinparaffinratherthaninaromatichydrocarbons.Foaming
evidentlyhasnothingtodowithcolor;theleast-coloredoilsof
thesefractionsfosmthemost.Thisconclusionisconfirmedlythe
observationspreviouslyreported(reference1)thatthefosmstabili~
dividedbytheviscositywasaboutthesameforwhiteoilsand
lubricatingoils.

Itisconcluded
propertyoffoaming.

that

The

CONCLUDINGREMARKS

mixtures’ofpurehydrocarbonsmayhavethe
natureofthehydrocarbonsandtheir

proportionsinthemixburesdeterminethe-degreeoffoaming.

StanfordUniversity
StanfordUniversity,Calif.,August8,1945
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TABLEI.- FOAMINGOFPURBHYDROCARBONS

Time for foamtocollapsetolast
Hydrocarbon pairofbubbles

(see)

A3.iphatichydrocarbon #

Isopentane 0.4

Octene .6

Octane .3

Decane .6

KUrylbenzene

Benzene 0.6

Toluene 93

~lene .8

Cumene 1.0

Bu@l benzene .5
—

.8

.
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TAME II.- FOA.KENGOF IaxlYJmsOFALmHNITcEYDRccwmcms

Percent Percent Percent Percent
isopentsme octane octene decane

Aliphatic
hydrocarbon —.

20 40 60

Isopentene

octane

Octene

DeCsne

---

0.3

.4

.6

T&ue for foam to collapse to last pair of bubbles. .

III
---------0.8

0.6 0.7 0.8 ---

.4 .6 .8 .6

--- .9 1.1 .7

.

0.7

---

.6

.6

—

0.6

---<

.6

.7
.

(see)

T
0.5 0.8

--- .6

.6 ---

---L.7 .7m0.6 0.4 0.4 I..1 0.9

.6 .6 .6 .7 .7

--- --- --- .6 .6

.5 .6 .6 --- ---
~

--- 0.6

0.6 .7

.5 .7

-------



Al&l
benzene

9enzene

ToIuene

Kylene

hmene

Butyl
benzene

*,

.-

. .>

TABLE III.- FOAMRW OF KCWUFXS OF ALKXL EENZENES

Percent
benzene

1
---------
0.70.70.7.
1.0 .9 .8

1.01.0 .9

.7 .7 .7

---

).7

.8

.8

.8

Percent
toluene
1 1 1

Percent
xylem
1 1 I

4K!-M2

Percent
Cumene
I 1 1

TinE for foam to collapse to last pair of bubbles

—

0.7

---

1.0

.9

.6

).7

---

.9

.9

.9
— 1

).7 0.7

--- ---

.9 .7

.9 .8

L.O .6

—

0.8

.7

---

.9

.8
—

0.8

.9

---

1.0

.7

—

).9

.9

---

L.O

.8
—

1.0

1.0

---

1.0

.8

—

0.8

.8

1.0

---

.8
—

T
D.91.0

.9 ●9

1.01.0

------

L.81.0

1.0

.9

.9

---

●9

Percent
bu~l benzene

EEKEZ

—

3.8

.6

.8

.9

---

—

0.7

1.0

.8

1.0

---1
.70.7

.9 .6

.7 .8

.8 .8

-- ---



TABLEIV.- FOAMING OF MWJJJRES OF AED?HMTC JNDRW!ARBONS WITH _ BENZENES

Alkyl

3enzene

l?duene

Qlene

hluene

3utyl
benzene

Percent Percent
isopentane octene

20140160180 120140 ]60]80

0.7

.7

.9

.7

.9

0.8

.6

.9

.8

1.3

1.0

.6

1.0

1.0

1.4

Percent Percent
octane decane
, , 1 I 1 1

20 po160180 120pl.o160pl

!Hme for foem lm colJ.&$seto last pair of bubbles
(see)

0.8

.6

1.1

1.3

1.8

1.7

‘1.4

1.6

1.4

1.7

1.3

1.6

1.4

1.5

2.3

—

1.0

1.1

1.4

1.3

2.2

—

0.8

.9

1.0

1.0

1.9

1.9

1.9

1.8

2.0

1.9

.

1.6

1.8

1.8

2.0

2.9
—

1.1

.8

1.3

1.8

2.6

0.8

1.0

1.0

1.1

2.0

3.8

4.0

3.4

3.2

6.1

.

2.1

2.4

2.5

3.0

6.0

—

1.0

1.3

1.5

2.1

4.6

0.7

.7

.8

1.2

2.6

.- ,,
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TABLEV.-FRACTIONATIONOFAEROSHELL12QBYACETONEEXTRACTION

Fraction

1

2

3

4

5

6

7

8

9

10

Id_

12

13

14

15

16

17

18

19

20

Weight
k)

30.9

11.*3

28.7

24.4

----

----

----

----

----

4.8

3*7

4.0

3.9

3.8

2.0

●3

3.0

4.4

6.0

8.7

Indexof
refraction
at20.0°C

1.5010

1●4990

1.4993

1.4g28

~.m

1.kggo

1.4930

1.4924

1 ●4898

1.4992

1.4900

1.4900

1.4888

1.4897

1.4887

1.4887

I. 4884

1.4883

1●4881

1.4880

Foam
life
(see”)

240

140

65

100

45

80

---

90

90

80

90

90

100

70

60

100

70

70

70

Viscoki-ty
at 250c
(Sine)

----

----

3.66

----

----

----

----

----

----

----

3.81

----

----

----

----

----

. 4.21

----

4.64

----

Color
intensity

45

62

25 ~

1

--

81

98

37

12

24

21

33

3

7

12

38

20

44

37

6

..



16 NACAm 2032

TABLEV.- FRACTIONATIONOFAEROSHELL120BYACETWE

EXT!RACTION-Continued

Weight Indexof Foamlife viscosity
Fraction Color

(g)
refraction (see) at250C
at20.0°C (stoke) ‘ntemity

21 10.3 z.h872 210 4.65 3

22 9.1 1.h872 140 ---- 28

23 10.6 1.4878 2h +100 ---- 6

24 12.9 1.4868 100 4.5Q -3 ~

25 10.3 1.4873 140+ 70 ---- -2

26 12.1 1.4870 80 ---- 11

27 8.2 1.4870 70 4.97 16
I

28 8.3 1.h867 80 ---- -1

29 7*5 1.4870 160+70 ---- 1

30 6.7 1.4870 100 ---- 8

31 6.9 1.&869 no ---- -5

32 6.7 1.h869 80 ---- 24

33 7.7 1.4868 180-+ 6a ---- 26

34 6.2 1.4873 140+80 ---- 17

33 6.7 1.b872 120 ---- 32

36 4.9 1.h872 80 ---- 80

37 3.2 1.4864 100 ---- 92

38 5.8 1.4866. 120 6.63 83

39 3.8 1.h872 llo ---- 84

40 4.5 LA-869 150 ---- 67
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Fraction

41

42

43

44

4’5

46

47

48

49

50

51

52

Residue

~eroshel.1

.

TABLEv.- lIRACTIONATIONOFAEROSEEIIL120BYACETONE

EXTRACTION-Concluded

Weight
(f3)

4.8

3.5

4.6

3.2

3.6

3.6

3.5

3=5

3.2

3*3

3*5

3.9

147.1

-----

Indexof
refraction
at20.0°C

1.4862

I..4861

1.4867

1.4867

L h869

1.4870

I..4869

1.4866

1.4872

1.4872

1.4872

L h872

------

1.4907

Fosmlife
(see)

260 + 160

180+ 120

70

120

430+ 180

170+90

180

170-+ 90

200+’130

100

330+ fao

200

333

Viscosity
at25~C
(stoke)

6.61

-----

-----

-----

-----

9*5O
-----

-----

-----

9.13

---.-

-----

37.0

9.00

Color
intensity

92

86

84

9.5

89

97

84

63

69

65

76

95

93

50



16 NACATN2032

+&

Bulb
condenser

I.D.,--
10mm

h _.- Air--,
=Vacuum

)--I.D.,
65mm

-l--Solvent

> -I. D.,Jlii‘––– 65 mm———————
——
—-—---Oil sample———

\
————

1A
Constriction-= 1

‘-H’at”=s=
Figure l.- LiquidextractorforfractionationofoILs.



w, W.-J

Oil fractionnumber

Figure2.- Aeroshell120fractionatedby acetoneextraction.


